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Abstract- In this paper the effect of harmonics content in the 
voltage signal on the varistor model response is analysed using 
Matlab computer simulations. It is shown that that the harmonics 
content in the supply voltage can be a source of errors in the 
measurements of the varistor conduction current. 
I. INTRODUCTION 
Varistors are ceramic elements whose current-voltage (I-V) 
characteristic is highly nonlinear. At relatively low voltages 
(U<<Uref) the varistor have almost ohmic conductivity. At 
higher voltages (U>Uref) the current increases dramatically 
with voltage. Highly nonlinear characteristic of this regime of 
rapid increase is generally described through the nonlinear 
coefficient α, defined by equation: 
 αcUI =  (1) 
The coefficient α (varies with voltage) can attain values well in 
excess of  50 in modern varistors.  
Equivalent circuit diagrams of oxide varistors are made to 
analyse their service performance. Numerous equivalent circuit 
diagrams of ZnO varistors can be found in the literature on the 
subject [1-4]. They differ in their complexity, the kind of 
voltage shape used or the limitation of description to a 
particular range of the voltage-current characteristic. For 
alternating voltages lower than Uref, in such models the 
equivalent circuit diagrams usually have the form of 
connections between both linear and nonlinear elements R and 
C. 
II. SIMULATION 
Computer simulations were run using the varistor model 
described in [4]. Numerical calculation of the model is 
described in [5]. The computations were performed using an 
application running in the Matlab Simulink environment. The 
implementation of the program is shown in Fig. 1. The 
application was designed to perform analysis of the current 
signal waveform when the input voltages are lower than Uref. In 
this range of applied voltages, the varistor current is practically 
sinusoidal (capacitive). 
The investigations were carried out for different odd 
harmonics contents in the voltage signal. The results of the 
simulations are shown in Figures 2-5. The results of a Fourier 
analysis of the third harmonics content in the varistor current 
response to the excitation voltage are shown in Fig. 3 and 
Fig. 5 (arrowed). 
Figs 2 and 3 show respectively: the varistor current response 
and the third harmonic content in the studied current signal 
when the supply voltage is sinusoidal, without odd harmonics. 
As is shown, current is sinusoidal without harmonics. 
 
 
 
 
Figure 1. The implementation of varistor model in Matlab. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The varistor current (supply voltage U is sinusoidal) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The magnitiude of  3th odd-harmonic of the varistor current (supply 
voltage U is sinusoidal). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 4. The varistor current (supply voltage U is distorted by 3th odd 
harmonic). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. The magnitiude of 3th odd-harmonic of the varistor current 
 (supply voltage U is distorted by 3th odd harmonic). 
Figures 4 and 5 show the simulation results for a case when 
higher harmonics are present in the voltage with the same 
magnitude. The third harmonic is clearly visible in the varistor 
current signal. The peak value of current is changes due to 
presence of 3 th harmonic. 
III. CONCLUSIONS 
If higher harmonics appear in the supply voltage they cause  
presence of harmonics in the current  and changes in current 
peak value. It is very important source of errors in the 
measurements of the varistor conduction current.  
It should be noted that stable Fourier analysis results 
(arrowed)  were obtained after 20ms since the beginning of 
computer simulation. 
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